His bundle electrograms were recorded in three patients with heart block who subsequently died. Serial sections of the conduction system were perfolmed. Two patients had complete block distal to H with wide QRS and P-H intervals of 135 and 100 msec, respectively (normal 80-140 msec). Postmortem (PM) revealed relatively insignificant A-V nodal lesions and major destructive lesions of both bundle branches. The third patient had block proximal to H with left bundle-branch block and H-V prolongation. PM revealed amyloidosis of the A-V nodal approaches and fatty infiltration of the A-V node and His buindle. There were also fibroelastic lesions, with total disruption of the left and moderate involvement of the right bundle branch.
The technic has been particularly useful in the evaluation of heart block, allowing the electrophysiologic delineation of site of block. In most patients with chronic heart block, block has occurred distal to the H recording site, presumably reflecting block in the distal His bundle or bilateral bundle-branch block.2 6 In the present report we describe three patients with advanced or complete A-V block, two with block distal to H, and one with block proximal to H. Complete cardiac postmortem examinations including serial histologic sections of the conduction system were performed, allowing electrophysiologic and pathologic correlations regarding the sites of lesions producing block. rhythm that varies somewhat in configuration. The last QRS in V2 is a premature ventricular contraction. Note the sinus pause (either SA block or arrest) shown in V, following the second P wave. The length of the pause appears to be 2.8 sec. However, there may be a P wave hidden in the second QRS.
In addition, one _ . . , --SITE OF HEART BLOCK which could have accounted for these find-Materials and Methods His bundle electrograms were recorded with 7F tripolar catheters passed percutaneously from the right femoral vein.7. 8 Recordings were made on a multichannel oscilloscopic photographic recorder* at paper speeds of 100 and 200 mm/sec. P-H was the interval from the onset of the P wave to the His bundle electrogram (noimal 80-140 msec), *DR 16, Electronics for Medicine, White Plains, New York. and H-V was the interval from the His bundle electrogram to the onset of the QRS complex (normal 35-55 msec).
The method of histologic study of the heart was as follows: The SA and A-V nodes and their approaches, the A-V bundle and bundle branches up through the level of the moderator band, and the roofs of both atria were serially sectioned, and every tenth section was retained. The remainder of the heart was cut into blocks, and two sections were taken from each block. Alternate sections were stained with hematoxylin-eosin and Weigertvan Gieson stains. In this manner 1087 sections were studied in case 1, 1020 in case 2, and 808 sections in case 3. In case 3, additional sections Figure 2 Electrophysiologic recordings from case 1. (A.) Simuiltaneous V1 and His bundle electrogram (HBE). The P wave is labeled P, QRS labeled R, and His bundle potential labeled H. The atrial and ventricular rates (AR and VR) are listed as is the PH interval. There is complete block distal to H, each P wave being followed by an H potential which is not conducted. The QRS is idioventricular, being wide and not preceded by H potentials. Paper speed is 200 mm/sec, and time lines are at 1 sec. (B.) Simultaneous V1 and bipolar right atrial electrogram (RAE) recorded from electrodes positioned at the right lateral atrial border. Note the high-frequency potential (labeled with arrows) preceding the P wave by 25-35 msec and preceding the atrial electrogram (A) by 50 msec. These potentials may represent posterior internodal tract depolarization (see text for discussion). (C.) Simultaneous lead II and RAE. The top and bottom are continuous. High-frequency potentials precede both the P wave and the atrial electrogram. The fourth P (Px) differs from the other P waves, being less positive and not being preceded by a high-frequency potential.
Circulation, Volume XLV, May 1972 967 were stained withimetlhyl violet for metachromasia anid with Coingo red anid tested for green biirefr-igenice with a polarizing micr-oscope.
The imietlhod of studying the conduction system lhas beeni tlescriibed previously.9
Report of Cases
Case 1
Cliiiical Sumnmnary
The patient was a 72-year-old man, first admitted to Cook County Hospital in August 1966 because of syncopal attacks and bradyeardia. The patient had a history of hypertension. He was treated with a permanent transvenous pacemaker.
The patient was lost to follow-up and was next seen on March 9, 1970 , with congestive failure and bradyeardia. He was admitted and treated with a temporary transvenous pacemaker. OIn March 12, 1970, a permanent pacemaker was implanted without difficulty. On March 13, 1970 , the patient developed hypotension and ventricular tachyarrhythmias and expired suddenly.
Electrocardiographic Analysis
Electrocardiograms taken prior to pacemaker insertion in August 1966 revealed complete A-V block with atrial rate averaginig 70 beats/min and ventricular rate averaginig 50 beats /min ( fig. 1 ).
There was also wandering of the supraventricular pacemaker with varying atrial cycle lengths and P-wave contour. The QRS duration was greater than 0.12 sec and usually of right bundle-branch block configuration.
Electrocardiograms taken following pacemaker implantation revealed pacemaker rhythm with complete A-V dissociation.
Electrocardiograms taken on admission in March 1970 again revealed complete A-V block with atrial rate averaging 70 beats/min and ventricular rate averagin-g 38 beats/mim ( fig. 1 ).
There was sinus arrlhythmia with pauses suggestive of either sinoatrial block or arrest. Ventricular complexes were wide and primarily of right bundle-branch block patterin. There was some variation in QRS configuration with occasional ventricular premature beats. No pacemaker spikes were seen.
Electrophysiologic Studies
Studies were performed at the time of permanent pacemaker implantatioin on March 12, 1970 . Complete A-V dissociation was present with atrial rate averaging 80 beats/min and ventricular rate 42 beats/mim. There was complete block distal to the His bundle recordiing site ( fig. 2A ), each P wave being followed by an H potential with a P-H interval of 135 msec (P-A of 30 msec and A-H of 105 msec). A slow unrelated idioventricular rhythm was present, characterized by a wide QRS without preceding H potentials.
Following recording of H potentials, the electrode catheter was withdrawn into the right atrium. With the electrode catheters contacting the right lateral atrial wall, one third down between the superior anid inferior atrial borders, high-frequency potentials were noted preceding each P wave ( fig. 2B and C). These were biphasic, approximately 20 msec in duration, preceding the P wave by 25-35 msec when recorded with lead V1 ( fig. 2B ) and by 50 msec when recorded with lead II (fig. 2C ). These potentials also preceded the atrial electrogram by 50 msec. An occasional P wave, differing in morphology from the patient's normal P was also recorded. These ectopic P waves were not preceded by the above potentials ( fig. 2C ). The patient's general condition did not permit further endocardial atrial mapping or evaluation SA nodal approaches: Considerable fibrosis and elastofibrosis with an infiltration of mononuclear cells was present associated with arteriolosclerosis with acute degeneration of vessels ( fig. 3 ). These changes could not be specifically localized to the internodal tracts.
Ramus ostii cavae superioris: This was normal.
A-V nodal approaches: The inferior and medial approaches showed slight fibrosis with occasional arteriosclerosis.
Ramus septi fibrosi: This was normal. A-V node: There was a slight infiltration of mononuclear cells.
A-V bundle-penetrating portion: Moderate fatty infiltration was present with slight fibrosis. Left bundle`branch; The connection of the left bundle branch with the main A-V bundle was narrow and was completely disrupted and replaced by collagen and elastic tissue ( fig. 4 ). The Purkinje fibers more peripherally showed irregular staining. The periphery of the anterior radiation showed fibrosis.
Right bundle branch: The first part showed slight fatty infiltration with fibroelastosis. The second part showed marked fibroelastosis ( fig. 5 ).
There was slight fibroelastosis of the third part. Microscopic Examination of the Heart. In the left ventricle and to a lesser extent the right ventricle, the myocardium showed a small amount of fibrosis. Arterioloselerosis was present in both atria and ventricles. The cells of the right atrial appendage showed marked vacuolar degeneration and irregular staining. Circulaflion, Volrime XLV, May 1972 In the summit of the ventricular septum, there was slight fibrosis posteriorly with slight infiltration of mononuclear cells. The fibrosis became more marked anteriorly and to the right. Monckeberg's sclerosis was noted in the posterior cusp of the aorta. Arteriosclerosis was slight posteriorlv, but more marked anteriorly.
Case 2 Clinical Summary
The patient, a 65-year-old woman with known rheumatoid arthritis, was admitted to Cook County Hospital in May 1962 because of recurrent syncopal episodes. Marked bradyeardia was found, and the patient was treated with oral atropine and sublingual isoproterenol. Following a Stokes-Adams attack in 1966, the patient had a permanent transvenous pacemaker inserted.
Following pacemaker insertion, the patient did well, being admitted in March 1968 and June 1970 for battery replacements. In August 1970, the patient was admitted with septic arthritis and septicemia. Because of the possibility of endocarditis, the pacemaker was removed and re-9-20-62 I,
placed with a new temporary transvenous pacemaker. Despite removal of the pacemaker and continuous antibiotics, the patient deteriorated and died in septic shock 1 week after admission.
Electrocardiographic Analysis
Electrocardiograms taken during her first admission in May 1962 are reported to have shown complete A-V block. These were not available for analysis.
The first tracings available to us were taken in the Cardiology Clinic following her first admission. A cardiogram taken on 9/20/62 revealed sinus rhythm, a P-R interval of 0.14 sec, and right bundle-branch block ( fig. 6 ). Another cardiogram taken on 10/1/62 revealed complete A-V block with an atrial rate of 90 beats/min and a ventricular rate of 32 beats/min ( fig. 6 ). The ventricular complexes were 0.14 sec in duration with right bundle-branch block pattern.
All subsequent electrocardiograms revealed persistent complete A-V block. The electrocardiograms taken during her 1966 admission were similar with the additional findings of frequent 10 -1-62 Simultaneous electrocardiogram and His bundle electrogram from case 2. The recordings were obtained during ventricular pacing. Two paced ventricular beats are shown (V). Each P wave is followed by a His bundle potential with a PH interval of 100 msec. These are blocked distal to H. Paper speed is 100 mm/sec, and time lines at 1 sec. premature ventricular beats with several short episodes of ventricular tachycardia.
Electrocardiograms taken subsequent to pacemaker insertion show pacemaker rhythm with complete A-V dissociation.
Electrophysiologic Studies
His bundle electrograms were recorded at the time of battery replacement in June 1970. The recordings were obtained during ventricular pacing, since the patient's intrinsic escape pacemaker did not maintain an adequate rate.
There was complete A-V block distal to the H recording site (fig. 7 ). The atrial rate was 100 beats/min, each P wave being followed by an H potential, which was not conducted to the ventricles. P-H was 100 msec (P-A of 20 msec and A-H of 80 msec).
Autopsy Findings
Gross Examination of the Heart. The heart weighed 320 g (fixed). The right ventricle was hypertrophied. Small thrombi were present at the mouth of the superior vena cava, at the mouth of the inferior vena cava, and adjacent to the coronary sinus. There was a patch of whitening on the septal band and a white line in the region of the right bundle branch. White lines were also noted on the left bundle branch. The coronary arteries were normal. No lesions of bacterial endocarditis were noted.
Microscopic Examination of the Conduction System ( Table 1 ). The following conditions were found.
SA node: This structure was diffusely but mildly infiltrated with mononuclear cells and neutrophils. Focally, it was disrupted by edema.
SA nodal approaches: An organizing plaque of fibroelastic tissue was present, with chronic inflammation and vascular channels in the endocardium. More superficially in the endocardium there was hemorrhage and acute inflammation. The adjacent myocardium showed hemorrhage, Circulation, Volume XLV, May 1972 edema, fibroelastosis, and chronic inflammation impinging on the SA node. There was slight fibroelastosis of Wenckebach's bundle.
A-V nodal approaches: An organizing thrombus was present on the endocardium of the right side, with focal necrosis of the inferior approaches.
A-V node: There was slight fibroelastosis with proliferation of sheath cells.
A-V bundle-penetrating portion: A slight infiltration of mononuclear cells was present, and a moderate increase in spaces.
A-V bundle-branching portion: The left side, at its junction with the LBB, was replaced by linear formations of elastic and fibrous tissue ( fig.  8 ).
Left bundle branch: This was completely replaced by linear formation of elastic and fibrous tissue at its junction with the A-V bundle (fig. 8 ). The cells stained irregularly with a moderate infiltration of mononuclear cells. The peripheral Purkinje nets showed fatty infiltration.
Right bundle branch: The first part of the right bundle branch was progressively replaced until completion by fibroelastic tissue ( fig. 9 ). This replacement continued throughout the second portion until its junction with the third part when cells reappeared. The third part showed moderate fibroelastosis, fatty infiltration, and slight infiltration with mononuclear cells.
Microscopic Examination of the Heart. The myocardium of both atria was moderately infiltrated with mononuclear cells and neutrophils. This was associated with a chronic epicarditis. In the atrial septum, there was a slight infiltration of mononuclear cells.
In the right ventricle, the myocardium showed a moderate infiltration with mononuclear cells, associated with a chronic epicarditis.
In the left ventricle, the myocardium showed a moderate infiltration of mononuclear cells.
The summit of the ventricular septum showed considerable fibrosis, slight arteriosclerosis, and slight deposition of calcium. The entire septum was considerably infiltrated with mononuclear cells with some neutrophils. There was a subendocardial abscess on the right side in the apical region.
Small arteries and arterioles showed no changes. rhythm with advanced A-V block (fig. 11 ). The rhythm analysis was greatly facilitated by recording of His bundle electrograms (see below). Two types of QRS patterns were observed, those of left bundle-branch block pattern, which were either conducted or junctional escapes, and those with right bundlebranch block pattern, reflecting a left ventricular escape rhythm (with slightly enhanced automaticity accounting for the relatively rapid rate). A-V block was generally 2:1 or greater; however, a few 3:2 Wenckebach periods were observed.
Within 24 hours of admission, sinus rhythm with intact conduction and left bundle-branch block returned ( fig. 11 ).
Electrophysiologic Studies
The patient was studied during pacemaker insertion on 7/27/70. The atrial rate was 80 beats/min. Advanced A-V block proximal to the H recording site was noted, most P waves not being followed by H potentials (fig. 12A ). However, the degree of block varied, with several Wenckbach periods (proximal to H) being recorded.
Two types of QRS complexes were noted ( fig.   12A ). One was of left bundle-branch block pattern. These QRS were always preceded by H potentials with an H-V interval of 50 msec, and occurred as conducted beats from the atria and also as A-V junctional escape beats at a rate of 47/min. These rhythms competed with an idioventricular escape rhythm at 46 beats/min, characterized by a wide QRS with right bundlebranch block pattern without preceding H potentials. Slight enhancement of ventricular automaticity may have accounted for the relatively rapid rate of the latter rhythm. Atropine was administered, 1 mg intravenously. Following this drug there was no significant change in atrial rate but marked improvement in A-V conduction. Advanced A-V block was ameliorated, the predominant rhythm becoming second-degree A-V block with long Wenckebach periods ( fig. 12B ). Because of the increased ventricular rate, the idioventricular beats with right bundle-branch block pattern were no longer noted. Following atropine, the H-V interval was slightly prolonged (60 msec) ( fig. 13 ). This 10msec increase in H-V interval may have reflected the increased number of impulses penetrating to the third, and the last QRS complexes twitht LBBB p)attern), occuirring 1.16 sec after the preceding QRS, and as conducted beats fronm the atrium (the fourth, fifth, sixth, and seventh QRS of LBBB pattern). The sixth and sevenith LBBB complexes are conducted beats of a 3:2 Wenckebach sequence. Competing wvith the above rhythms is an idioventricular rhythm with RBBB pattern and an intrinsic rate of 48 beats/min. (Bottom: 7-29-70) Rhythm strip (monitor lead-ML) demonstrating return of 1:1 A-V conduction.
the His bundle producing a rate-dependent slowing of conduction distal to H.
In summary, His bundle recordings showed advanced A-V block proximal to H with both A-V junctional and ventricular escapes. Intraventricuilar conduction, following atropine, was characterized by left bundle-branch block with H-V prolongation.
Autopsy Findings
Gross Examination of thte Heart. The heart weighed 370 g (fixed). The left atrium and ventricle were hypertrophied. The coronary arteries showed no occlusive phenomenona.
Microscopic Examinationi of the Conduiction Cifculation, Volume XLV, May 1972 System ( Table 1 ). The following conditions were found.
SA node: There was considerable hyalinization, thickening, and narrowinig of the arterioles, 50,u and larger. SA nodal approaches: The arterioles 0.1-0.3 mm in size showed marked hyalinization and narrowing ( fig. 14) . Focally, the myocardium showed a slight hyalinization. There was slight-tomoderate fibroelastosis of the myocardium with fatty infiltration.
A-V nodal approaches: The left side of the approaches showed diffuse hyalin changes with associated degeneratioin of muscle, associated 977 L_ ROSEN ET AL.
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Figure 13
H-V prolongation following atropine administration in case 3. Shown is one LBBB complex with an H potential preceding the QRS by 60 msec. Time lines are at 20 msec, and paper speed is 200 mm/sec. with arteriolar change. The inferior approaches showed considerable fatty infiltration.
A-V node: There was considerable fatty infiltration ( fig. 15 ). The end of the node lay in the central fibrous body and showed marked fatty infiltration.
A-V bundle-penetrating portion: This showed marked fatty infiltration ( fig. 16 ) and space formation.
A-V bundle-penetrating portion: This showed marked fatty infiltration and space formation.
Left bundle branch: The entire main left bundle branch was separated from the A-V bundle by a fibroelastic lesion ( fig. 17 ). down there was irregular staining, vacuolization, and occasional hyalinization of Purkinje cells. The latter were smaller than myocardial cells. In the periphery of the LBB, there was fatty infiltration.
Right bundle branch: In the first part there was considerable fatty infiltration and slight-tomoderate fibroelastosis ( fig. 18 ). These moderate changes continued up through the third part.
Microscopic Examination of the Heart. The following conditions were seen.
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Left atrium: The myocardium and enidocardium showed zones of hyalinization and degeneration (fig. 19 ), and the arterioles slhowed marked hyalinization. Theie was slight mononuclear and mast-cell infiltration.
Right atrium: The arterioles showed marked hyalinization and narrowing, and the myocardium some fibroelastosis. No hyalinization of muscle was noted here.
Right ventricle: Marked hyalinization and narrowing of the arterioles were present. However there were no hyaline changes in the myocardium.
Left ventricle: There were many areas of hyalinization in the myocardium, especially in the septum. The arteriolar changes were marked. The left side of the summit of the ventricular septum especially showed these changes.
Atrial septum: Here also arteriolar changes were marked with foci of hyalinization of myocardium and endocardium, mostly on the left side.
Valves: There was evidence of some hyalinization of the mitral valve.
Amyloil studies: The hyaline masses in the arterioles, the left atrium, and ventricles were shown to contain amyloid ( fig. 19 ). They were positively metachromatically stained with Congo red, and showed greeni birefringence after Congo red staininlg.
No amyloid was seen in any organ except the heart.
Discussion

Heart Block
Pathologic studies by Mahaim, Yater, Lenegre, Lev, Davies, and their co-workers have documented the occurrence of major destructive lesions involving the bundlebranch system as the most common cause of complete A-V block.'0-14 One of the pathologic processes responsible for bilateral bundle-branch disease appears to be "sclerosis of the left side of the cardiac skeleton.'3 This conlsists of progressive fibrosis with or without calcification of the mitral annulus, central fibrous body, the pars membranacea, the base of the aorta, an-d the summit of the ventricular septum. Frequently involved are the His bunidle anid the bunidle branches. Mechanical stress appears to play a major role in the etiology of this disease process. Another pathologic process commonly associated with chroniic heart block is that of idiopathic sclerodegrenerative bilateral bundle-branch disease.12 14 Specifically, the origins of the left bundle branch and the second portion of the right bundle branich appear to be most vulnerable. Ischemic lesions canl also occasionally be demonistrated in patients with chronic heart block.'5-Electrocardiographically, bilateral bundlebranch block in its early stages is often associated with intact A-V conduction, right bunidle-branch block, and a QRS axis suggestive of additional disease in either the anterior or posterior fascicles of the left bundle-branch system.16 17 Other early patterns noted have included either right or left bundle-branch block with P-R prolongation or alternating bunidle-branch block. In the later stage of Pathologic observations in patients with conduction disease diagnosed by His bundle electrocardiography have been limited. Rosen and co-workers reported two patients with heart block with wide QRS. His bundle recordings revealed normal P-H intervals and complete block distal to H. These findings correlated well with the pathologic findings (table 1). In patient 1, the A-V nodal approaches showed slight fibrosis, the A-V node slight infiltration of mononuclear cells, Circulation, Volume XLV, May 1972 and the A-V bundle (penetrating portion) moderate fatty infiltration and slight fibrosis. In case 2, the A-V nodal approaches showed focal necrosis, an acute lesion unrelated to chronic block. In the A-V node itself there was slight fibroelastosis, and in the A-V bundle (penetrating portion) there was slight mono- n-uclear cell infiltration. These lesions in patienits 1 and 2 were relatively inlsignificant pathologically anid consisteint with the advxaiced age of these patienits.
In conitrast, the subjunictionial conduction system in these two patienits revealed major subtotal to total destructive lesions. In case 1, these appeared secondary to arterioloselerosis, possibly related to hyperten.sioni. In case 2, there was sclerosis of the left side of the cardiac skeleton. In both cases, there was complete disruptioni of the origins of the left bunidle bran-ch. In case 1, there was marked fibroelastosis of the second portion of the right bundle branch, and in case 2 there was total replacement inivolving the first and second portioIn of the right buniidle branch. Thus, block distal to H diagniosed electrophysiologically correlated with selerodegenerative bilateral bundle-branch disease diagnosed pathologically. Case 3 had advaniced heart block with left bundle-branch block. His bunidle recordings revealed that block was proximal to H. Marked improvement in conduction wvas nioted following atropine administration, and conduction sponitaneously improved within 24 lhours of admissioni. H-V interval was normal prior to atropine (50 msec) and prolonged after atropine (60 msec). Serial section revealed seniile cardiac amyloidosis involving the arterioles anid myocardium of the left atrium anid venitricle and both the atrial and ventriculatr septa and the arterioles of the right Circulafion, Volume XLV, May 1972 984 SITE OF HEART BLOCK atrium and ventricle. Marked amyloid infiltrationi was also present in the arterioles of the SA node and its approaches and in the A-V nodal approaches. Fatty infiltration was present in the A-V node and His bundle. The left bundle branch was separated from the His bundle by a fibroelastic lesion, and there was considerable fatty infiltration and fibroelastosis of the right bundle branch.
In this case it is difficult to correlate conduction disease electrophysiologically and pathologically (table 1). The electrocardiographic and electrophysiologic findings were consistent with disease both proximal and distal to the His bundle. Pathologically, multiple major conduction system lesions were noted with serial section. If the H potential does represent His bundle depolarization, as is now believed, then block proximal to H could have reflected amyloidosis of the A-V nodal approaches and/or fatty infiltration of the A-V node and His bundle. The large functional component of this block, as evidenced by atropine responsiveness and spontaneous reversibility, suggested the A-V node and its approaches as the site of block. Left bundlebranch block with H-V prolongation could have reflected bilateral bundle-branch involvement (total left and partial right). Because of the multiplicity of lesions, this case cannot be used to document the accuracy of the His bundle recording technic in delineating the sites of conduction lesions.
The association of amyloidosis with A-V block has been well documented.29-21 However, serial section of the conduction system in this disorder has been obtained in only a few cases. James demonstrated specific involvement of the SA node and atrium in four cases.22 Davies studied three cases with heart block and suggested that the major conductive lesion in his cases was bilateral bundle-branch fibrosis.14 Acar et al. demonstrated lesions in the His-Purkinje system in one case. 23 The following conclusions can be drawn regarding the correlation of His bundle recording and pathologic lesions: (1) Complete block distal to H appeared to reflect almost total to total disruption of both bundle Circulation, Volume XLV, May 1972 branches (cases 1 and 2). (2) Normal P-H intervals occurred with relatively insignificant lesions in the A-V nodal approaches, the A-V node, and penetrating portion of the His bundle (cases 1 and 2). (3) Conduction delays proximal and distal to H correlated with major lesions proximal, in, and distal to the His bundle (case 3).
Sinoatrial Block and Disease of the SA Nodal Approaches
In addition to heart block, electrocardiograms in patient 1 revealed a wandering supraventricular pacemaker and pauses suggestive of SA block or arrest. Recordings with an electrode catheter placed at the right lateral atrial border revealed a high-frequency potential preceding the onset of both the P wave and of the locally recorded bipolar atrial electrocardiogram. Since the P and atrial electrocardiogram are both due to atrial muscle depolarization, the high-frequency potential may have reflected activity in the atrial specialized conduction system. Three internodal tracts (anterior, middle, and posterior) connecting the SA and A-V nodes have been anatomically defined. 24 20 Electrograms have been directly recorded from these tracts, and cellular action potentials resembling Purkinje potentials have been recorded from the cells composing them. [27] [28] [29] [30] The posterior tract runs in the crista terminalis and enters the A-V node close to the coronary sinus. The position of the electrodes was such that the posterior tract could have been recorded in our patient.
Under ordinary circumstances, activity in the posterior tract is probably masked in the locally recorded atrial electrocardiogram. 3" However, with atrial conduction disease, the posterior tract and the rest of the atrium may have been out of phase. We would postulate that first-degree exit block was present from the sinus node to the atrium, allowing the posterior tract depolarization to be recorded before the P wave and atrial electrogram. An alternate possibility is that the patient had a posterior internodal tract rhythm (with exit block to the atrium), since automaticity has been demonstrated in this tract in the animal laboratory.' Howvever, the niormal P-wave conifigurationi does niot suggest an ectopic atrial pacemaker. It is of interest that the occasionial ectopic P waves were not preceded by the above potentials.
Both the electrocardiograms and the electrophysiologic studies in this patient correlated well with the pathologic findings. The SA node showed only moderate fibrosis with some arterioloselerosis. The SA nodal approaches showed considerable changes with fibrosis, fibroelastosis, mononuclear cell infiltration, and arterioloselerosis. SA block in this patient (firstand second-degree) could certainly be explained by disease of the SA nodal approaches.
Previous emphasis in the pathologic descriptions of both patients with sinus arrest or block has been on the changes in the sinus node itself. The present report underscores the potential importance of the SA nodal approaches in the genesis of supraventricular rhythm disturbance.
